A binary sequence satisfies a one-dimensional (d; k) run length constraint if every run of zeros has length at least d and at most k. (d 1 ; k 1 ; d 2 ; k 2 )-constrained m n binary patterns. We determine whether the capacity is positive or is zero, for many choices of (d 1 ; k 1 ; d 2 ; k 2 ).
Introduction
Run length constraints derive from digital storage applications [7] . For nonnegative integers d and k, a binary sequence is said to satisfy a one-dimensional (d; k)-constraint if every run of zeros has length at least d and at most k (if two ones are adjacent in the sequence we say that a run of zeros of length zero is between them). A two-dimensional binary pattern arranged in an m n rectangle is said to be (d 1 [1, 2, 4, 5, 6, 7, 9, 15, 16, 21] . A proof was given in [9] that shows the twodimensional (d; k)-capacities exist, and essentially the same proof shows that the C d 1 It is of interest to determine the exact values of the capacities of the various two-dimensional constraints in the positive capacity region, or at least to find good approximations or bounds.
A more basic question, however, is to determine which constraints actually lie in the positive capacity region and which do not. We provide here a partial answer to this question.
The exact value of the capacity C d 1 ;k 1 ;d 2 ;k 2 has been unknown for all but a few cases. In fact, in all cases when the capacity has been known exactly, its value has been zero and the constraints have been symmetric. The first exactly known two-dimensional capacity was shown in [1] to be C 1;2 = 0 and a complete characterization of which (d; k) integer pairs yield positive capacities for symmetric constraints was given in [9] and is stated as the proposition below. Fairly tight upper and lower bounds on the value of C 0;1 were given in [2] , improved in [6, 12] , and extended to three-dimensional run length constraints in [12] . In [15] an encoding procedure for the symmetric two-dimensional (0; 1)-constrained channel was given whose coding rating comes incredibly close to the capacity C 0;1 . For other positive twodimensional (d; k)-capacities various bounds were given in [9, 16] and approximations were given in [21] . Asymmetric two-dimensional (d 1 ; k 1 ; d 2 ; k 2 )-constraints were studied in [4] , which discussed mergings and the Hamming distances between (d 1 ; k 1 ; d 2 ; k 2 )-constrained rectangles. Codes for certain other types of constraints in two dimensions were studied in [3, 6, 10, 11, 13, 14, 17, 18, 19, 20, 21] .
In the present paper we determine whether or not the two-dimensional capacity is positive, 
(
(c) If
The theorem above reveals whether the capacity is zero or positive for many but not all The following corollary states some interesting special cases resulting from Theorem 1. Proof. 
A Conjecture
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